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SUMMARY
Objective: Intraventricular hemorrhage (IVH) is a frequent neonatal complication in infants born prematurely.
This study examined the developmental outcome from 6 months to 2 years of age of very low birth-weight
(VLBW) infants born prior to 32 weeks’ gestation who had perinatal IVH.
Materials and Methods: Fifty-five VLBW infants, 17 with mild IVH, four with severe IVH or periventricular
leukomalacia (PVL) and 34 with no IVH, were tested using the Bayley Scales of Infant Development at corrected
ages of 6, 12, 18 and 24 months. Motor and mental developmental outcomes in the three groups were compared.
Multiple stepwise logistic regression was used to identify associations among medical factors, ultrasound findings
and developmental outcome.
Results: The mean mental development index (MDI) in the mild IVH and severe IVH and PVL groups was lower
than that in the normal group at 12 months (p = 0.026). The mean psychomotor development index (PDI)
in the mild IVH and severe IVH or PVL groups was lower than that in the normal group at 12 (p = 0.013),
18 (p = 0.0027) and 24 months (p = 0.004). IVH or PVL was a significant risk factor for impaired 1-year mental
outcome (MDI, < 70; odds ratio, 6.0; 95% confidence interval, 1.83 to 19.7) and 1- and 2-year motor outcome
(PDI, < 70; odds ratio, 4.22; 95% confidence interval, 1.4 to 12.67 and odds ratio, 4.68; 95% confidence
interval, 1.47 to 14.91, respectively).
Conclusions: In VLBW infants born prior to 32 weeks’ gestation, IVH is a risk factor for impaired development.
Its effects on psychomotor development, but not mental development, are still apparent at 2 years of age.
[Taiwanese J Obstet Gynecol 2004;43(4):211–215]
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Introduction
During the last few decades, advanced perinatal and
neonatal care has contributed to improved survival
among very low birth-weight (VLBW) infants, that is,
those with a birth weight of less than 1,500 g. These
infants are considered at risk for a variety of develop-
mental disabilities, and this concern has prompted
several studies of long-term neurodevelopmental out-
come [1–6]. Intracranial hemorrhage is a frequent neo-
natal complication in these small preterm infants [6].
The incidence of intraventricular hemorrhage (IVH)
is 32% in infants born at 28–31 weeks of gestation
and 48.5% in infants born at 23–27 weeks [7]. There
is evidence that the incidence of major disability in
extremely preterm infants is significantly higher after
IVH or intracerebral hemorrhage (ICH) [8]. A study of
a large cohort of infants with a birth weight of less than
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1,000 g revealed that severely abnormal cerebral find-
ings on ultrasound are good predictors of neurologic
abnormality [9]. The purpose of the present study was
to examine developmental outcome at 6 months to 2
years of age in VLBW infants born prior to 32 weeks of
gestation who had perinatal IVH.
Materials and Methods
Subjects
The subjects were preterm infants weighing less than
1,500 g and born prior to 32 weeks of gestation at Mac-
kay Memorial Hospital between January 1, 1999, and
December 31, 1999. The infants’ charts were reviewed
to obtain pertinent data, including gestational age,
birth weight, gender, 1- and 5-minute Apgar scores and
cranial ultrasound findings. Infants without cranial ultra-
sonic scans during the neonatal period were excluded.
Ultrasound findings were described according to the
site of visible hemorrhage. IVH was graded according
to the classification of Papile et al [10]: Grade 1, hemor-
rhage confined to the germinal matrix without ventricu-
lar blood; Grade 2, IVH in the lateral ventricles without
ventricular distension; Grade 3, IVH with ventricular
distension; and Grade 4, IVH extending into the brain
parenchyma. Cystic periventricular leukomalacia
(PVL) was defined as cystic cavitation apparent on ul-
trasound. Subjects were grouped according to whether
ultrasonography was normal (normal group) or showed
grade 1 or 2 IVH (mild IVH group) or grade 3 or 4 IVH
or cystic PVL (severe IVH or PVL group). We included
patients with PVL in the latter group for statistical
analysis because both severe IVH and PVL are associat-
ed with an increased risk of poor outcome.
Assessment
Children were followed according to the standard pro-
tocol of the Premature Baby Foundation of the Repub-
lic of China at a corrected age (that is, conceptional
age rather than chronologic age) of 6, 12, 18 and 24
months. At each visit, the children were tested using the
Bayley Scales of Infant Development [11], which yield
scores for mental and psychomotor development with
a standardization mean of 100 and standard deviation
of 15 points. The scores were corrected for prematurity.
Developmental outcome was considered mildly impaired
at scores of 70–84 and significantly impaired at scores
of less than 70. Bayley testing was conducted by clinical
psychologists.
Statistical analysis
Variables included gender, birth weight, gestational age,
1-minute and 5-minute Apgar scores, cerebral ultra-
sonographic findings and developmental outcomes.
Statistical analysis was carried out using Chi-squared
analysis and Fisher’s exact test for categorical data. The
relationship of cranial ultrasound findings to mental
and motor outcomes was analyzed using the Kruskal-
Wallis r2 test. The association between clinical variables
and developmental outcomes was analyzed using
Pearson correlation. Logistic regression was used to
identify associations among clinical variables and
developmental outcomes, with the results expressed
as odds ratios (ORs). In all analyses, p less than 0.05
was considered significant.
Results
Eighty-three preterm VLBW infants born prior to 32
weeks’ gestation were available for the entire follow-up
period. Twenty-eight infants were excluded because
cranial ultrasonography demonstrated subependymal
cyst, ventriculomegaly or subdural hemorrhage. None
of the children had major congenital anomalies. Of the
55 infants included in the study, there were 30 girls and
25 boys with birth weights ranging from 674 to 1,492 g
(mean, 1,126 ( 234 g), and gestational ages ranging
from 24 to 31 weeks (mean, 28 ( 2.1 weeks). Twenty-
seven infants (49%) were delivered vaginally and 28
(51%) by cesarean section.
Of the 55 infants, 21 had IVH and 34 did not. Seven-
teen infants had mild IVH (3 grade 1 and 14 grade 2)
and four had severe IVH or PVL (1 grade 4 IVH and 3
with PVL, 2 of whom also had grade 1 IVH). There was
no significant difference in sex, birth weight, 1-minute
Apgar score, 5-minute Apgar score or gestational age
among the three groups (Table 1).
Developmental data at 6, 12, 18 and 24 months of
age are presented in Table 2. The mean corrected ages
at each assessment period were 6.2, 11.9, 18 and 23.9
months. The mean mental development index (MDI)
differed significantly among the three groups at 12
months (Kruskal-Wallis r2 = 7.28, p = 0.026). The mean
psychomotor development index (PDI) differed signifi-
cantly among the three groups at 12 (Kruskal-Wallis
r2 = 8.67, p = 0.013), 18 (Kruskal-Wallis r2 = 11.84,
p = 0.0027) and 24 months of age (Kruskal-Wallis
r2 = 11.06, p = 0.004) (Figures 1 and 2). Although the de-
velopmental indices in the mild IVH group improved
with time, these children still lagged behind normal
children at 2 years of age. The gap narrowed more
for MDI than it did for PDI. At 2 years of age, the mild
IVH group was classified as normal in terms of mental
development (MDI > 85). The PDI was low in the severe
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Table 1. Clinical characteristics of very low birth-weight infants born before 32 weeks of gestation
Normal (n = 34) Mild IVH (n = 17) Severe IVH or PVL (n = 4)
Gender 15M/19F 7M/10F 3M/1F
Birth weight (g) 1,125 ( 208.1 1,097 ( 266.1 1,265 ( 329
Gestational age (wk) 28.3 ( 2.11 27.7 ( 2.11 27.0 ( 2.2
Apgar score
   1 minute 5.4 ( 2.1 3.9 ( 2.5 4.8 ( 2.6
   5 minute* 7.8 ( 1.1 6.0 ( 2.2 7.5 ( 1.3
*5-minute Apgar score only available for 26 infants. Data are presented as mean ( standard deviation. IVH = intraventricular hemorrhage;
PVL = periventricular leukomalacia; M = male; F = female.
Table 2. Developmental scores in normal (n = 34), mild intraventricular hemorrhage (IVH; n = 17) and severe
IVH or periventricular leukomalacia (PVL; n = 4) groups
6 months 12 months 18 months 24 months
MDI
   Normal 94.3 ( 7.6 89.5 ( 8.0* 88.4 ( 7.61 89.9 ( 11.2
   Mild IVH 190.7 ( 14.0 81.8 ( 12.8 83.5 ( 14.7 87.8 ( 19.4
   Severe IVH or PVL 87.8 ( 3.9 80.3 ( 9.51 77.5 ( 14.1 77.3 ( 18.9
PDI
   Normal 185.5 ( 12.1 184.7 ( 12.1* 185.1 ( 12.6† 188.5 ( 15.3†
   Mild IVH 181.5 ( 19.9 77.5 ( 19.3 79.2 ( 15.0 82.1 ( 14.8
   Severe IVH or PVL 75.3 ( 3.4 53.0 ( 17.0 50.8 ( 16.4 54.5 ( 21.9
*p < 0.05; †p < 0.01. Data are presented as mean ( standard deviation. MDI = mental development index; PDI = psychomotor development index.
IVH or PVL group, with a mean of 54.5 ( 21.9 at 2 years
of age.
The developmental outcome at 2 years is shown in
Table 3. The degree of IVH was significantly associated
with mental (Kruskal-Wallis r2 = 7.11, p = 0.029) and
psychomotor developmental outcome (Kruskal-Wallis
r2 = 12.53, p = 0.0019) at 2 years.
The correlation between developmental outcome
and clinical factors are shown in Table 4. Impaired
motor outcome at 2 years of age correlated with 5-
minute Apgar score (r = 0.35, p = 0.02) and any degree
of IVH or PVL (r = 0.34, p = 0.011). However, no clinical
factor was significantly associated with impaired cog-
nitive outcome at 2 years of age. Multiple stepwise
logistic regression was used to evaluate the clinical
factors influencing the 1- and 2-year outcome. IVH or
Figure 1. Mean mental development index (MDI) for very low
birth-weight infants with mild intraventricular hemorrhage
(IVH), severe IVH or periventricular leukomalacia (PVL), and
no IVH.
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Figure 2. Mean psychomotor development index (PDI) for
very low birth-weight infants with mild intraventricular hem-
orrhage (IVH), severe IVH or periventricular leukomalacia
(PVL), and no IVH.
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PVL were significant risk factors for 1-year mental delay
(MDI < 70; OR, 6.0; 95% confidence interval [CI], 1.83–
19.7). The 1- and 2-year motor outcomes were also sig-
nificantly associated with IVH or PVL (PDI < 70; OR,
4.22; 95% CI, 1.4–12.67; and OR, 4.68; 95% CI, 1.47–
14.91, respectively).
Discussion
This study shows that VLBW infants born prior to 32
weeks’ gestation who have IVH have a higher incidence
of developmental impairment at 2 years of age than
those with no IVH. In our series, 19% of infants with
IVH or PVL had significant mental delay (MDI < 70)
and 24% had significant motor delay (PDI < 70) at 2
years of age. Infants with severe IVH or PVL had a much
worse cognitive and motor outcome than infants with
mild or no IVH. When controlling for other factors,
however, the effect of IVH on mental outcome was no
longer apparent at 2 years.
Earlier reports have suggested that the neuro-
developmental outcome in infants with mild ICH is
similar to that in children with no ICH, whereas infants
with more severe hemorrhage have a much worse
outcome after 2 years of age [12–14]. TeKolste et al
found that children with grade 1, 2 or 3 ICH had a lower
mean MDI than controls at 28 months of age, even
though the mean MDI was in the normal range [15]. In
the current study, infants with grade 4 IVH or PVL were
compared with infants without IVH or with IVH grade 1
or 2 as a group. Those with severe IVH or PVL had a
significantly lower mean MDI at 12 months and PDI at
12, 18 and 24 months. Thus, IVH appears to compromise
developmental outcome in the first few years of life
in VLBW infants born before 32 gestational weeks.
However, the influence of IVH on neurodevelopmental
outcome is limited in scope and duration. Sostek et al
suggested that IVH has the greatest effect on the 1-year
outcome [16]. In the present study, infants with severe
IVH or PVL had the lowest mean scores for both MDI
and PDI from 6 months to 2 years of age. Even at 2 years
of age, the mean PDI score was less than 70. The gap in
MDI and PDI between normal controls and infants with
mild IVH was widest between 6 and 12 months but then
narrowed somewhat by 2 years. Regression analysis
suggested a significant influence of IVH on the 1-year
cognitive outcome and the 1- and 2-year motor outcome.
There may be several reasons for this finding. Firstly,
central nervous system plasticity may allow for greater
recovery than we would predict [17]. Cohort studies of
extremely low birth-weight infants (< 1,000 g) suggest
that grade 3 to 4 IVH is associated with an increased risk
of subnormal MDI and PDI at 2 years of age [9,18]. In
a study of outcome in infants born at 24–26 weeks’
gestation, Piecuch and colleagues found that poor
cognitive outcome was related to severe intracranial
hemorrhage and/or PVL [19]. In grade 1 to 2 IVH, the
Table 3. Two-year developmental outcome in normal, mild intraventricular hemorrhage (IVH) and severe IVH or
periventricular leukomalacia (PVL) groups
Normal (n = 34) Mild IVH (n = 17) Severe IVH or PVL (n = 4)
MDI*1
   < 70 10 13 1
   * 70 34 14 3
PDI†
   < 70 13 12 3
   * 70 31 15 1
*Kruskal-Wallis r2 = 7.11, p = 0.029; †Kruskal-Wallis r2 = 12.53, p = 0.0019. Data are presented as n. MDI = mental development index; PDI = psychomotor
development index.
Table 4. Correlation of clinical factors with developmental outcome at 2 years of age
Birth weight 1-minute Apgar score 5-minute Apgar score IVH or PVL
(n = 55) (n = 44) (n = 44) (n = 55)
Impaired cognitive development r = 0.022 r = 0.2 r = 0.26 r = 0.25
p = 0.87 p = 0.19 p = 0.08 p = 0.06
Impaired motor development r = –0.094 r = 0.169 r = 0.35 r = 0.34
p = 0.49 p = 0.27 p = 0.02 p = 0.011
IVH = intraventricular hemorrhage; PVL = periventricular leukomalacia.
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blood does not extend into the brain parenchyma, so
we would not expect white-matter necrosis [20], thus
allowing for better recovery. However, in grade 3 to 4
IVH and PVL, there is necrosis of the white matter, and
the risk for a poor outcome correspondingly increases.
Secondly, it may be that the instruments used to measure
outcome may not be adequately sensitive. The mental
scale in the Bayley test focuses primarily on sensorimo-
tor tasks in young infants. With increasing age, complex
mental processing and language become important
and more measurable. Thirdly, there may be non-biologic
factors influencing outcome, such as the social envi-
ronment. Weisglas-Kuperus and colleagues found that,
while biologic factors were significant predictors of cog-
nitive development at 1 year of age, other factors such
as a stimulating home environment assumed greater
importance with increasing age [21]. Finally, our sample
size may have been too small to detect a significant
influence of IVH on cognitive outcome at 2 years of age.
The correlation between gestational age and outcome
is fairly consistent. Bucher et al demonstrated that both
gestational age and birth weight are associated with the
2-year outcome [22]. Some studies have found an effect
of gestational age on cognitive outcome in extremely
low birth-weight infants [19], but others have contested
this result [17,23]. In the current study, gestational age
and birth weight did not predict the 2-year outcome.
In conclusion, in infants born prior to 32 weeks’
gestation, IVH is a risk factor for impaired development,
particularly motor development, with greater severity of
IVH associated with a worse outcome. The effect on
mental development appears to be less important after
a year or two. It would be helpful to investigate factors
that may compensate for the adverse effect of IVH as the
children grow.
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